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The effect of pressure on the metal-insulator transition in manganites with a broad range of
bandwidths is investigated. A critical pressure is found at which the metal-insulator transition
temperature, TMI , reaches a maximum value in every sample studied. The origin of this universal
pressure and the relation between the pressure effect and the bandwidth on the metal-insulator
transition are discussed.
PACS numbers: 71.30.+h, 62.50.+p, 75.47.Lx, 75.47.Gk
Manganites have been the focus of intense studies in
recent years since the observation of large magnetore-
sistance sparked interest in these materials for use as
magnetoresistance sensors. The metal-insulator transi-
tions (MIT) observed in this kind of materials is cru-
cial to the colossal magnetoresistance effect. Metal-
insulator transition occurs in manganites in two cases:
first, metallic ground state exists in the low temper-
ature range in some doping systems at certain dop-
ing concentrations, such as: La1−xSrxMnO3 (x∼0.16-
0.50), La1−xCaxMnO3 (x∼0.18-0.50), Nd1−xSrxMnO3
(x∼0.25-0.50); second, metallic states can be induced by
other factors, such as magnetic fields, photons, pressure,
electric fields. Pr1−xCaxMnO3 at x∼0.3 is typical in the
latter class. In most of the manganites, the metallic state
is coupled to the ferromagnetic state so that the very
large magnetoresistance can be explained by double ex-
change theory.
In the parameters determining the complicated proper-
ties of the manganites, the eg electron bandwidth W is a
particularly important one to the metal-transition tem-
perature TMI , or the appearance of the metallic state
under some factors. In manganites, the Mn 3d orbital
is split into t2g and eg orbitals by the octahedral crystal
field. The conduction band electrons are of eg symmetry.
Because the eg orbital is Jahn-Teller active, Jahn-Teller
distortion (JTD) can further split the two-fold degen-
erate eg orbital to trap the conduction band electrons.
Consequently, the bandwidth is highly correlated with
the local atomic structure of the MnO6 octahedra: coop-
erative tilting (Mn-O-Mn bond angle), Jahn-Teller dis-
tortion (Mn-O distances) and coherence of the JTD. The
bandwidth is characterized by the overlap between the
Mn-3d orbital and O-2p orbital and can be described
empirically by an equation:1
W ∝
cos[ 12 (pi− < β >)]
d3.5Mn−O
(1)
where W is the bandwidth, β is the Mn-O-Mn bond an-
gle, and dMn−O is the Mn-O bond length. In double
exchange theory, it is described as the electron hopping
rate or the transfer integral: tij = t
0
ij cos(
θij
2 ), where t
0
ij
is the transfer integral that depends on the spatial wave
function overlaps, θij is the relative angle between two
neighboring Mn ion t2g core spins.
Generally, the structure can be tuned in two ways:
chemical doping and external pressure. In chemical dop-
ing, by selecting different doping elements and doping
concentration, the average A-site atom size <rA> in the
AMnO3 system is changed. Because of the mismatch be-
tween <rA> and Mn-site ion size, the local atomic struc-
ture of MnO6 octahedra can be modified. Therefore, the
bandwidth is tuned by chemical doping so that compli-
cated electronic and magnetic phase diagrams have been
observed.2 The external pressure method, is a “clean
method” that only modifies lattice structure without in-
ducing chemical complexity. To date, in studies on man-
ganites, the effects of external pressure on the charge or-
dering, metal-insulator transition, magnetic states have
been observed.
Currently, most of the high pressure studies on man-
ganites are on metal-insulator transition. In the low pres-
sure range, this electronic transition is coupled to the
ferromagnetic transition, which can be explained qual-
itatively by double exchange theory.3,4 It is also found
that hydrostatic pressure has a similar effects to chemi-
cal doping with larger atoms and higher doping concen-
tration. Both can increase the Mn-O-Mn bond angle,
compress Mn-O bond length and hence, lead to larger
bandwidth. Correspondingly, TC (or TMI) increases,
or in some manganites originally in insulating state, a
MIT is induced. The effect of chemical doping and pres-
sure can be scaled to each other with a conversion fac-
tor 3.75×10−4 A˚/kbar.5 However, most pressure experi-
ments were conducted below 2 GPa.
By applying pressures up to ∼6 GPa on manganite sys-
tems with a broad range of bandwidths, the effect of pres-
sure on the MIT and the correlation between the pres-
sure effect and the chemical doping were observed. It is
found that TC and/or TMI do not change monotonically
with pressure6 and these two transitions do not always
couple.7 A universal pressure may exist for the metal-
insulator transition in manganites. With an increase of
the bandwidth, the change in the metal-insulator transi-
tion temperature with pressure may vanish.
To systemically explore the external pressure effect and
the chemical doping effect and the correlation between
2TABLE I: Average A-site ion size, tolerance factor, TMI ,
dTMI/dP, and critical pressure
Sample <rA> t TMI (K) dTMI/dP (K/GPa) P* (GPa)
Pcmo25 1.17925 0.92711 N/A 51(7) 3.8(9)
Pcmo30 1.17930 0.92830 N/A 88(7) 3.5(4)
Pcmo35 1.17935 0.92950 N/A 68(7) 3.9(3)
Lycmo 1.20230 0.93730 149(1) 22(4) 3.8(4)
Nsmo45 1.22915 0.94987 291(1) 18(11) 2.6(1.6)a
Nsmo50 1.23650 0.95374 256(1) -1.0(2.8) 3.0(1.6)
Note: t is the tolerance factor calculated with the data in Ref. 10;
TMI is the metal-insulator transition temperature at ambient pres-
sure; dTMI/dP is the change rate of TMI at P∼0 extracted by fit-
ting the data with a third-order polynomial, the numbers in brack-
ets are the errors in the last one or two digits; P* is the pressure
where the TMI increase trend reverses.
aThe resistivity in paramagnetic phase at ∼316K gives a P* of
3.8±0.3 GPa.9 See text for details.
them, several manganite systems with much different
ground magnetic and electronic states, Nd1−xSrxMnO3
(x = 0.45, 0.50) (NSMO), La0.60Y0.07Ca0.33MnO3 (LY-
CMO), and Pr1−xCaxMnO3 (x = 0.25, 0.30, 0.35)
(PCMO), were selected. The bandwidth of the selected
samples uniformly distributes in the electronic phase di-
agram (see Ref. 5).
The samples were prepared by solid-state reaction.
The procedure and details of making the samples were
described elsewhere.6,8,9 All the samples are charac-
terized with the x-ray diffraction and magnetization
measurements. The details of high pressure resistivity
measurement method and error analysis were described
previously.6 The metal-insulator transition temperature
whenever present is defined as the temperature at the re-
sistivity peak. Because of the lower temperature stability
of our system in the cooling cycle, the data were taken
only while warming up.
In all the samples studied, there is a MIT at ambient
pressure or a MIT can be induced by applying pressure.
Corresponding to the bandwidth phase diagram in Ref.
5, the Nd1−xSrxMnO3 (x = 0.45, 0.50) system has a large
bandwidth; La0.60Y0.07Ca0.33MnO3 has a medium band-
width; Pr1−xCaxMnO3 (x = 0.25, 0.30, 0.35) system has
a small bandwidth.
In Table I, <rA>, the tolerance factor t, and metal-
insulator transition temperature at ambient pressure,
which corresponds to the bandwidth, are listed. The av-
erage Mn-O bond length and Mn-O-Mn bond angle of
all samples determined from the Rietveld refinement to
the x-ray diffraction patterns are shown in Fig. 1. Ac-
cording to equation (1), with increasing <rA> or t, the
decreasing bond length and bond angle lead to increasing
bandwidth W and hence, increasing TMI .
With the application of pressure, the metal-insulator
transition temperatures of the samples which have MIT
at ambient pressure increases. In the narrow bandwidth
Pr1−xCaxMnO3 system, the samples are insulating at
ambient pressure. Under pressure, metal-insulator tran-
sitions are induced. With pressure increase, the behavior
of the TMI is similar to other samples with larger band-
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FIG. 1: Mn-O bond length and Mn-O-Mn bond angle of sam-
ples at ambient conditions. Note: the abscissa gives the sam-
ples: the numbers indicated the concentration of the doping
element; p represents Pr, c represents Ca, l represents La, y
represents Y, n represents Nd, s represents Sr.
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FIG. 2: Pressure dependence of metal-insulator transi-
tion temperatures of Nd1−xSrxMnO3 (x = 0.45, 0.50);
La0.60Y0.07Ca0.33MnO3; Pr1−xCaxMnO3 (x = 0.25, 0.30,
0.35).
width. When the pressure is above a certain point, the
increasing trend of TMI of all samples is reversed. The
evolution of the transition temperatures of all samples
are shown in Fig. 2.
In Fig. 2, the most salient feature is that a critical pres-
sure P* exists in each sample: with pressure increase,
below P*, TMI increases; above P*, TMI decreases. By
fitting TMI vs. P plots with a third-order polynomial, P*
for each sample can be extracted and is listed in Table I.
In the fitting error range, the samples have the same crit-
ical pressure P* (One exception is the NSMO45 sample,
the P* determined from the TMI is small. But if we look
at the resistivity changes with pressure, its critical pres-
sure is the same as other samples. This may comes from
the highest temperature limit of the instruments which
3leads that the TMI near to the limit in the middle range
pressure can not be determined.9).
In large bandwidth samples, the change of TMI with
pressure is slower than in narrow bandwidth ones, indi-
cating that the large bandwidth samples are more sta-
ble under pressure. The samples studied are selected
with different doping concentration and from different
doping systems. The bandwidths spans a large range.
The samples also have much different ground state elec-
tronic and magnetic properties at ambient conditions.
But the metal-insulator transitions in these samples all
follow a similar behavior, therefore, it is reasonable to
speculate that the critical pressure P* is universal for
the metal-insulator transitions in manganites. From the
structural measurements on manganites,6,11,12 the be-
havior of TMI under pressure could possibly be ascribed
to a local atomic structure transformation of the MnO6
octahedra.
Under pressure, the smaller bandwidth samples seem
to have smaller pressure range in which the sample is
metallic in low temperature and outside which they are
insulating. On the other hand, the samples with large
bandwidth is more stable under pressure and the variable
range of TMI is small and they do not become insulating
in a larger pressure range. The lower stability of TMI in
small bandwidth samples may come from the small A-site
atoms, which leave more space between the octahedra for
them to rotate - accordingly, a smaller pressure window
for the metallic state.
In Fig. 2, the large bandwidth samples have higher
TMI . The only exception is that in the Nd1−xSrxMnO3
system, the x = 0.5 compound nominally has a larger
bandwidth than the x = 0.45 compound but has lower
TMI . This possibly results from the strong charge order-
ing effect in Nd0.5Sr0.5MnO3.
The changing rate of the metal-insulator transition
temperature with pressure at the ambient pressure,
dTMI/dP at P = 0, is also interesting. The values of
dTMI/dP extracted from the third-order polynomial fit-
ting results are listed in Table I. Clearly, the smaller
the bandwidth, the larger dTMI/dP, indicating that the
local structure of smaller bandwidth sample is more dis-
torted and has a relatively large degree to which it can
be compressed by pressure.
In summary, by applying external pressure on man-
ganites of different chemical doping system and doping
concentration and hence different eg electron bandwidth,
it is found that the pressure effect on the metal-insulator
transition in manganites is not equivalent to that of the
chemical doping. Only at low pressures, is the pres-
sure effect on the metal-insulator transition analogy to
the chemical doping with elements with large atom size.
With pressure increase, the trend of TMI increase with
pressure is reversed at a critical pressure, above which
the transition temperature decreases with pressure and
finally, the material may become insulating. The critical
pressure is found to exist in all the samples studied and
possibly is universal for the metal-insulator transition in
the manganites. The bandwidth (chemical doping) de-
termines how stable the material may be under pressure.
The larger bandwidth manganites are more stable under
pressure and therefore, have smaller dTMI/dP near am-
bient pressure and smaller TMI variation under pressure.
Because of the importance of the local atomic structure
of the MnO6 octahedra to the electronic and magnetic
properties of the manganites, this work may also con-
tribute to understanding the properties of thin films of
manganites which are important in technological appli-
cations.
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